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Abstract 
The control room operators' requirements for 
plant data and the presentation of these were 
investigated for the start-up of a power station 
boiler. The data were assumed presented by com-
puter-controlled display in replacement of the 
existing control room instrumentation. 
Weight was laid on including the operators 
in evaluating the requirements for data and data 
presentati' , and on gaining experience with 
methods wh. i could effectively aid and promote 
collaboration with the operators during this 
evaluation. 
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1. INTRODUCTION 
Because of the growing size of modern process plants and their 
complexity, the design of these demands an optimal distribution 
of tasks between operators and instrumentation. Ideally, it should 
be possible for the designer to evaluate, plan and implement 
this distribution in advance, e.g. by knowledge of the operators 
properties and requirements as part of the system, but in practice 
this is more determined by tradition. 
1.1. New possibilities for the display designer change the work 
situation of the operator 
The introduction of computer-controlled cathode-ray tube (CRT) 
displays gives the display designer new opportunities, several of 
which were demonstrated in the display experiment at Rise's DR 2 
reactor (Goodstein 1969). The features that are significant for 
the present work are discussed in the following. 
1) Prior knowledge of the plant, e.g. mathematical models of 
the process plant, can to a greater extent than previously 
be built into the display system - e.g. as predictive displays 
and other data contexts, which the designer feels can be of 
significance for the tasks of the operator. Previously it 
was only possible to show the individual data on indicating 
and recording instruments, and then let the operator, via 
instraction and experience, gain knowledge of and learn to 
use such contexts. The only "built-in" data contexts found 
in conventional instrumentation are mimic instrument panels, 
which aid the perceptior. of the contexts that are given by 
the affiliation of data to the circuits of the process plant, 
as well as the division of instruments according to process 
components and systems. 
The multitude of data contexts that can be displayed in the 
new systems should be chosen with a certainty that the oper-
ator will really be aided in his specific data requirements 
(Rasmussen 1968): which types of prior knowledge is it ex-
pedient to build into the display sy-.-.tem? Could there be 
significant deviations between the d&ta contexts, which the 
designer feels the operator will benefit from, and those 
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that the operator uses/needs in real life control room situ-
ations? 
2) The flexibility of the CRT display system can be utilized to 
cover the immediate information needs, instead of a continual 
presentation of all data. 
If one assumes that the operator moves around within a reason-
ably limited area in the control room, the controls must be 
placed within a correspondingly limited area, the displays 
within a restricted solid angle, regardless of the kind of 
displays. In many conventional instrument panels limits have 
been reached for closely packed instruments, sometimes even 
with the use of miniature instruments. 
Hence, apart from purely economic arguments, there is also 
much need to save panel space and thus to present only the 
information relevant at any given moment. This means that 
the operator must choose the information he requires from a 
selection of pictures of which he has no permanent view. 
Thus he may forget, e.g. the pictures he seldom uses, or 
those which show highly specialised data contexts. How should 
this selection of pictures be built up and labelled so that 
the operator can easily memorize what information is avail-
able, and choose the information he needs, and how will this 
function in abnormal operating conditions? 
3) Because of its flexibility the CRT display system can generate 
information fitted to specific situations and to the corre-
sponding specific properties of the operator as decision maker, 
diagnostician, regulator, etc. In normal, routine work situ-
ations the operator will as a rule adapt to bad instrumentation 
As pointed out by Rasmussen (1969, 1973), the operator's need 
for displayed information alters when he gets into a non-rou-
tine situation, e.g. plant faults. Inexpedient displays can 
then increase the probability of operator faults and thus 
perhaps of double faults: already at the design phase how 
ran one ensure that the display system is reasonably suitable, 
also in abnormal situations, and taking into consideration 
that any evaluation after start of operation gradually gets 
more difficult because of the operators' adaptation, and that 
modifications can not as a. rule be made without much incon-
venience for operation? 
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1.2. What are the real information requirements of the operator? 
There is very little knowledge directly applicable to a sys-
tematic elucidation of the questions raised in the foregoing. 
For many years the conventional arrangement of control rooms has 
been gradually fitted to operators' needs. It was not until the 
CRT display was introduced, that it became difficult to extra-
polate from preceding developments. 
An obvious possibility is to try and get information direct 
from the operators as users of process plant instrumentation. 
A pioneer in human engineering writes on "activity analysis" 
(Christensen, 1971): 
"Much more effort should be expended in determining the 
actual activities of operators and maintenance men under 
field conditions. The investigator is virtually certain 
to obtain information that is both surprising and useful. 
He will generally discover a significant discrepancy be-
tween the prediction of what an operator does and what 
he really does. He will gain detailed insight into the 
job and almost invariably will gain ideas that will im-
prove both the procedures and equipment used on the job: 
occasionally an idea leading to an invention will begin 
this way. It is hard, difficult work, but extremely re-
warding for someone who will apply himself." 
Where are the difficulties? Some are of a classical nature 
where we wish to describe human behaviour: the information we 
gather will be influenced by the method of collection and by the 
individual operators. Other difficulties arise from the type of 
working situation we wish to study. 
Let us start by defining some simple concepts and discuss 
the possibilities on this background. 
Operators' tasks: a task is a common designation for a group 
of activities having a minimum of coupling to other activities. 
Set of data relating to a task: all necessary measured data, 
etc., which the operator needs to carry out a task. 
To what extent can the tasks be delimited at all? In a multi-
variable task, e.g. start-up of a power station boiler, there can 
be so many couplings between data that the operator will presum-
ably be disinclined to accept a splitting up into designated 
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tasks, but perceives his work situation as one large coherent 
task. 
The delimitation of data sets will presumably also by un-
certain: even in cases where we have carried out a task desig-
nation, accepted by the operator, and then ask hi* of his needs 
for the related data sets, he easily forgets the peripheral data 
that he uses more or less subconsciously in the actual control 
room situation. 
2. ANALYSIS OF THE START-UP PROCEDURE FOR A POWER STATION BOILER 
We had the opportunity of making an investigation of infor-
mation needs, as discussed above, during the start-up of the 
boiler of a 250 MW oil-fired power station unit belonging to the 
danish utility Vestkraft I/S in Esbjerg. 
The boiler is a dram boiler with a degree of automation typical 
of newer Danish power stations, i.e. automatic sequence cor.trol 
of start/stop of feed-pumps and of components in the air/gas path. 
The cold boiler start normally takes place once a year and 
is thus not considered by the operator to be a routine event. The 
preceding maintenance work and the last activities in connection 
with this also give the start-up an individual character, but no 
really abnormal situation occurred. 
Roughly, the purpose of the analysis was formulated as follows. 
An evaluation is required of the nature and amount of infor-
mation necessary when a minimum number of CRT displays is used 
to replace the conventional instrumentation (excluding the alarm 
system). At the same time it is desired to gain experience of 
how the operators may effectively be involved in this evaluation. 
Fig. 1 gives a view of the phases in the analysis: two oper-
ators on each shift (of three operators) were provided with a 
portable microphone transmitter and were asked to relate what 
they were doing. These verbal protocols were recorded on a two-
-channel tape recorder. 
Independently, the start-up was watched from the control room 
by an observer with the opportunity of noting down observations. 
Tape recordings were analysed and information ralevant for the 
task description was type-written. This material was then supple-
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Recording of Interviews and discussions Plant 
verbal protocols in the control room with the information 
individual operators 
1 
1st edition of task descriptions 
with questions on ambiguities 
i 
Read through by operators 
1 
Discussions with larger groups, 
of operators and other members 
of design and operations staff 
1 
2nd edition of task descriptions. 
Preparation of display proposals. 
J 
Expounding display proposals to 
the operators 
i 
The operators evaluate task 
descriptions and display proposals 
in working groups 
i 
Final edition of task descriptions 
and display proposals 
Fig. 1. Phases of the analysis. 
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mentrd by discussions and interviews with the operators in the 
control room, and by information from plant descriptions and from 
operations- and design-engineers. A first edition of the descrip-
tions with general directions for proposed displays was then 
written up and discussed at a meeting with operators and design 
and operations engineers, after these had read the material. A 
revised second edition was prepared together with a detailed dis-
play proposal which was expounded at a meeting. The proposed dis-
plays were then for some time evaluated by the operators in work-
ing groups - each group treating a certain phase of the start-up. 
The operators we^e asked to attach principal importance to evalu-
ating if all the data necessary for a task were included in the 
display proposals and less importance to the detailed composition 
of the pictures. The comments and amendments from the groups were 
then worked into the final edition of the task description and 
display proposal. 
2.1. The collaboration with the operators 
2.1.1. Verbal protocols 
The use of verbal protocols was due to a wish to promote the 
operators' own opinions of their work situations. On the basis 
of the experience acquired, the following advantages and dis-
advantages can be listed: 
Advantages 
Provided that the operator has the ability to express himself, 
a very detailed and effective basis for the task description is 
obtained. 
Through later interviews and discussions about a task, it is 
easier to reconstruct the situation. 
The particular terminology of the operators is recorded and 
can thus be used in later communication. 
Disadvantages 
Dependence on the individual operator's ability to expre«« 
Mmself. Insufficient protocols could, though, easily be identified 
by the observer present in the control room and supplemented in 
the following phases of communication. There it much work involved 
in listening to the tape records and extracting the relevant material. 
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Recording of the observer's comments on a third track on the 
same type. 
Dichotic listening (one channel for each ear) makes it possible 
to distinguish each operator individually by listening to two 
channels simultaneously. 
Video recording of the operators' movements would perhaps aid 
the recall of situations. 
2.1.2. Interviews, discussions, etc. 
Interviews with individual operators and discussions with 
larger groups were aimed at filling in deficient protocols and 
promoting individual views, i.e. achieving a more complete cover-
age of the task description. 
It must be considered important that communication takes place 
ir the control room in cases where the operators need to recall 
concrete situations and data requirements, and where the familiar 
control room as a kind of reference environment may be supposed to 
aid the operator's memory. 
All the proposed task descriptions and displays were expounded 
for the operators at larger group meetings. This seemed to be an 
efficient way to impart to the operators an understanding of the 
content. 
It is important for the effectiveness of communication to 
delimit and define the purpose of the work and to get the operators 
to accept this as meaningful. This succeeded - even though the 
operators were informed that the picture proposals would not be 
actually realised, but be used for evaluating the necessary types 
of information and their extent. 
The participation of the operators in the work could be fitted 
into the normal duty periods and useful mutual discussion were 
initiated between the operators. 
The arrangement of the written material and picture proposals 
to be commented upon by the operators naturally plays a decisive 
role for effective communication, and it is important that no more 
detail than necessary is used for this purpose, just as the ter-
minology of the operators should be used. Task description and 
display proposals will therefore be discussed in the following to 
give an impression of the level of detail which was found expedient. 
2.2. Task Descriptions 
The start-up could be split up into 8 phases, A-H, each com-
prising certain tasks, giving a total of c. 90. Each task was 
provided with a short title or description, as well as the numbers 
on the proposed display pictures that contained the information 
estimated to be necessary. Some examples are: 
B2. Establish flow paths on water side of boiler. Flo« diagram 8. 
D2. Firing: keep the temperature of thermoprobes under 600°, 
for the first hour only via the air flow, thereafter also 
via the oil flow, which is c. S t/h. Via 3 and t. 
D3. Monitor the drum gradient less than 1.1 degree/minute via 6, 
if necessary correct firing via t. 
El. The start-up system (steam by-pass) should be put into ser-
vice at Pstea_ greater than 20 ato via Id. Via 11 choose 13 
where the start is carried out with the aid of a fixed pro-
cedure depicted without any flow diagram of the start-up . 
system. When the start-up system is put into service, 7 comes 
in automatically. 
The start-up system gradually takes over the role of the 
drains in controlling the drum gradient, and manoevuring of 
the start-up system is done via 7, where also the measured 
water flow rate is shown to ease comparison with the conden-
sate flow rate from the start-up system. 
B2 and El are independent tasks, both containing simple sub-
-tasks and El is provided with an explanation, as the start-up 
system gradually attains greater importance and has couplings to 
other tasks. 
D2 and D3 are tasks lasting the whole of the start-up period 
and in addition they effect each other. These coupled tasks are 
primarily characterised by the criteria that must be fulfilled 
and secondarily by the control variables used in the phase in 
question, since the control variables alter in importance during 
start-up. 
To get an overall view of the simultaneousness and coherence 
of the tasks, simple diagrams were used of a type as shown in 
fig. 2, which corresponds to an intermediate phase in the inves-
tigation. Harking of the duration of the individual tasks and an 
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actual time scale were not found necessary, but could easily be 
built into the diagram if there was need of a more fundamental 
analysis. 
A few of the tasks can be placed in any of several phases, 
and operators can have different ideas about the sequence of 
tasks: the variability of these things has not been investigated, 
but the ta3k description should represent an average point of 
view accepted by the operators.. 
This simple form of task description, on average about 3 lines 
of text per task, did not appear to give difficulties. The in-
formation requirements for the individual tasks, which is desired 
evaluated by the operator, is described in detail through the 
accompanying display proposals. When the operator can accept the 
delimitation of a task, it is presumably implied that he has a 
feeling of reasonably well-defined bounds of the accompanying 
set of data. Thus the short task description only acts as a re-
minder for the data set, which is described in detail through 
the display proposal. 
The final list of tasks appears from appendix 2. 
2.3. Display proposals 
2.3.1. Assumptions 
With regard to evaluating the need for space on the CRT 
screens, the proposal must be detailed, and the operator's use 
of it must be considered in detail. However, an actual optimis-
ation of the display is impossible without a deeper analysis, 
and first and foremost a realistic test that would give the oper-
ators the opportunity of working with an actual display system. 
Experience from display experiments indicates that the real display 
often seems surprisingly different from the paper proposal. 
As an estimate of the minimum number of CRT screens is re-
quired the proposal must be quite conservative. One consequence 
of this is that the proposed pictures should have about the same 
content as the existing instrumentation to make a comparison with 
this reasonably realistic and feasible '/or the operators. Also 
for this reason the proposal must be prepared in some detail. 
To limit the task it is additionally necessary to make the 
following assumptions: 
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A single operator shall use the displays. 
Unaltered degree of automation of the boiler. 
No particular analysis has been made of the requirements for 
displays in abnormal situations, and alarm presentation is 
not covered by the proposal. 
Via the CRT screen it is assumed that the operator can ma-
noeuvre the same plant components that can be manoeuvred from 
the control room today, as well as call up pictures and data. 
A light pen (LP) can be used to choose a plant component 
symbol, or a data symbol on the screen. The keyboard in the con-
trol desk can specify what is required (e.g. ir./out, digital 
value), but manoeuvres are not activated until a release button 
is pressed. 
Visual feedback on operating conditions, symbols chosen and 
manoeuvres carried out are assumed to take the form of flashes 
or other alterations in the light intensity of the symbols. 
2.3.2. Description of display proposal 
Only a few main features will be mentioned of the philosophy 
forming the basis of the picture assortment, and as examples are 
given figs. 3 and <t which on a reduced scale show the pictures 
on the two CRT screens in a certain start-up phase. 
Appendix 1 gives a list of words to facilitate the understand-
ing of the terms used in the pictures. 
Ei£tSES5.S52SB.ESESS!S2£lXi 
On fig. 3 from the left: 
Main flow path for air/gas, for water- and steam-side of 
boiler. Accompanying text spaces used for choice of pic-
tures and for manoeuvres. In the flow path pictures e> 
tremely simplified symbols are used. 
On fig. «: 
To the left is shown a survey of the oil burners with 
text space. 
To the right is shown a list of reminders that remind the 
operator of tasks which have no natural functional or 
chronological coherence with other tasks. 
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The main data for the boiler, shown in digital form. 
The main tasks, where the operator can get an overall 
view of the status of the boiler's more important par-
ameters and control tasks. 
Fig. 3: 
Beside the flow path pictures there are simple analogue 
displays with each analogue scale placed opposite the 
point in the flow path where it is measured. Farthest 
to the right are shown temperature profiles of super-
heater tubes. 
Fig. t: 
To the left of the centre are shown local data for the 
auxiliary system "oil feeding". Flow paths of the auxili-
ary systems are omitted, but pictures of local data sets 
can be chosen and used for manoeuvring the auxiliary 
systems. In addition it is permanently shown whether the 
main data for the auxiliary systems lies within their 
normal ranges. 
It is assumed that the digital values and the trend records 
of the individual data can be chosen and shovn on the space avail-
able on the screens. 
For evaluating the need for space on the CRT screen, a type 
of diagram was used as shown on fig* 5 giving a survey of which 
pictures of a total of 31 are assumed to be in use at any given 
time. Three, perhaps two, CRT screens would be necessary. 
3. CONCLUSION 
The operators' normal work tasks can be delimited very ef-
fectively with participation from the operators. Detailed display 
proposals are necessary for evaluation by the operator of the 
data sets necessary, but this evaluation must be considered pre-
liminary: a final evaluation demands a realistic testing which 
gives the operator the opportunity of working with the real dis-
play. 
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The form used for collaboration with the operators proved 
feasible and gave significant experience with different forms of 
communication. 
It is the intention in collaboration with the operators to 
attempt to distinguish characteristic types of tasks, i.e. a 
classification of tasks with the purpose of acquiring a systematic: 
basis for the formulation of hypotheses for more fundamental work, 
such as optimisation of displays and studies of the need for dis-
plays in abnormal operating conditions. 
The author wishes to express his gratitude for the excellent 
collaboration he enjoyed with the staff of I/S Vestkraft. 
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APPENDIX 1: 
Explanation of terms used ir. f i g s . 3 and >< 
Fig . 3 : 
RØG smoke (density indication) 
MMVS millimeter water gauge (pressure) 
GR degrees centigrade 
LUFT air (flow rate) 
S position of valves or dampers 
V west half of flow path 
0 east half of flow path 
KEDEL boiler 
OG highest level of automatic sequence control 
FG lower level of automatic sequence control 
ANALOGVÆRDIER data presented in analogue form 
SUG/BLÆ induced draught fan/forced d. fan. 
LUFO air heater 
FØDEV.BEHOLDERE feed tanks 
N H S 3 feed pumps: north, middle, south 
STARTANLÆG start-up system: pressure-reducing by-pass 
system for steam during boiler start-up 
VANDKEMI DATA chemical data for water 
DAMP TEMP.KURVER steam temperature trend records 
T RØR metal temperature of superheater tubes 
life 
LAST OLIE 
MOD 
INT 
heavy fuel oil 
modulation (burner flame detection data) 
intensity (burner flame detection data) 
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DIESEL OL.DRIFT firing by 'iesel (light) oil 
LAST OL. DRIFT firing by heavy fuel oil 
UDLUFTNING purging of furntce 
FREMFØRING D-OLIE diesel oil feeding system 
RØGANALYSER 
INDE 
UDE 
AFSPVENT 
LUK 
AB 
HAN 
BEH VANDST 
gas analysis data (oxygen content. 
in operation 
out of operation 
isolation valvc 
closed 
open 
on manual control 
drum water level 
etc.) 
HUSKELISTE list of reminders 
HOVEDDATA main data 
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APPENDIX 2: 
List of Tasks 
The boiler start-up is divided into phases A - H: 
A Preparing the boiler for lighting up (many tasks take place 
outside the control room during inspection rounds in the 
plant). 
B Filling the boiler. 
C Start of oil burners. 
D Raising pressure to 25 ato, stopping and listening for leak-
ages in the boiler. Start again. 
E Raising pressure. Drainage via the start-up system. 
F Raising pressure to safety valve activation and adjusting 
safety valves. 
6 Pressure reduction before start of turbine. 
H Start of turbine. 
The approximate durations of phases B to 6 are: 
B 1 l/"» hr 
C l/"» hr 
D 3 hr, excluding time spent listening for leakages. 
E+F 3 hr, depending on the initial state, and exclusive time 
spent adjusting the safety valves. 
In the following, phases A to H are sub-divided into single 
tasks with short descriptions and indications of number and type 
of parameters which constitute the necessary data sets. The fol-
lowing jcodes_ are used: 
A electric current 
B binary indication (lamp, indication of position) 
FG function group (aut. sequence control) 
G temperature gradient of boiler drum (rate of change) 
I intensity of burner flame 
H modulation of burner flame 
M level 
P pressure 
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Q flow rate 
R gas analysis data 
S position of valve or damper 
T temperature 
I' takes place outside control room 
V chemical data for water 
A. Preparation of boiler for start of firing 
1 Close all access doors of boiler. 
U 
2 Close drains on water side (nos. 40-13 and 11 drains from 
bottom boxes). 
U + tS 
3 Open drains on steam side (nos. 1-3E). 
U + 36S 
1 Check that 2 air vents on the boiler drum and 9 on the super-
heaters are open. 
U 
5 Check that the economiser recirculation valve is closed. 
U + B 
6 Fill feed tank c. 50* full with water containing hydrazine. 
Supply auxiliary steam to tank and adjust water temperature 
to to above the drum metal temperature. 
U • 2B, N, T 
7 Check that the deaeration from the feed tank is set to open 
air. 
U 
8 Start of indirect cooling system. 
U 
9 Check of levels in diesel and heavy oil tanks and temperature 
of heavy oil (about 60° when district heating is applied). 
U 
10 Check that dampers 3 and 32 are open, and that there is in-
direct cooling water and lubricating oil for bearings. 
U • tB 
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11 Start rotating air heaters via function groups (i.e. lower 
level automatic sequence control). 
2FG = CtB, 6T, tA) 
12 Check that all dampers in air and gas system are in the 
remote-control mode. If a start is to be made via the over-
-group (i.e. high level automatic sequence control) then 
dampers 5 and tS must be shut. Damper 39 after the I.D. fans 
must be open. 
U + tB 
B. Filling thi boiler 
1 Prepare feed pumps. Takes place outside the control room. 
U 
2 Establishing of flow paths in the water side of the boiler. 
2S, 3B 
3 Close manually-operated attemperator spray valves for super-
heaters and reheaters. 
U 
t Check water level in feed tank and water temperature: must 
be maximum t0° above temperature of boiler drum. 
T, M 
5 Close manually-operated counter-pressure valve on feed pump 
(only when boiler feed pipe is empty). Start feed pumps and 
open counter-pressure valve so that an adequate counter-press-
ure is maintained. 
U + FG = (7B, 2A, S, P, Q) 
6 Adjust feed water flow rate to max. 150 t/h. 
Q 
7 Monitor rise of water level in boiler drum, the limit is 
-200 mm. 
N 
B Hake intercomparisons between different water level measure-
ments. 
3N 
9 Close start-up valve at water level -200 mm. 
S 
10 Stop feed pump* 
FG = <7B, 2A, S, P, Q) 
11 Open recirculation valve. 
B 
C. Start of oil burners (diesel oil) 
1 Thoroughly drain steam pipes for oil burners. Steam-heated 
air preheaters are put into operation with auxiliary steam. 
U 
2 Check air/gas paths, 
22B 
3 Start I.D. and F.D. fans. 
FG = (9B, 4A, UP) 
1 Adjust air flow to 25% for furnace purging. 
2Q 
5 All 4 thermo probes are inserted in the furnace (for flue 
gas temperature measurement). 
ts 
6 Check flow paths in water and steam side of boiler. 
46S, 3B 
7 Establish! start and check diesel oil supply. 
3B, A, P, S, Q 
8 Automatic purging of furnace is started by press button. 
When purging is finished, a successful lighting must be 
achieved within two minutes otherwise a further purging must 
take place. Need for indication of the progress of the auto-
matic purging process. 
9 Start of 1 or 2 burners. Check of oil pressure and auxiliary 
steam pressure. Furnace pressure on automatic control. 
FS = (5B, I, M, Q>, 3P 
D. Raising pressure to 25 ato (stop and listen for leakages) 
1 Check and adjust air temperature at rotary air heater inlets 
to greater than 80°. 
2T 
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2 Firing: keep temperature of thermo probes below 600°, for 
the first hour only via air flow, then also via the oil flow 
rate, which is c. 5t/h. 
4T, 3Q 
3 Monitor drum gradient less than l.l°/min., correction via 
firing. 
*T, 3Q, S 
M Control water level by blowing down from drum. 
N, 2S 
5 Close air vents and superheater drains (partly) at steam 
pressure 3-4 ato. 
P, 19S 
6 Observe when superheaters are boiled out and close the cor-
responding drains. 
6T, 6S 
7 Monitor steam temperature and thermo probes (below 600°), 
and if necessary correct firing. 
4 IT, 3Q 
8 Monitor drum gradient and pressure and temperature trend 
records, correct via drains and if necessary firing. 
G, P, 15S, 5T, 3Q 
9 Monitor water level, if necessary start feed pump and close 
recirculation valve. 
N, FG = (7B, 2A, S, P, Q), B 
10 At 25 ato stop in order to listen for boiler leakages: stop 
burners, diesel oil pumps, l.D. and F.D. fans. 
11 Then feed to normal water level and stop feed pump. 
FG s (7B, 2A, S, P, Q), N 
12 Close drains. 
17S 
13 Listen for boiler leakages. 
U 
14 Restart of firing, feeding and draining, i.e. repeat of C3, 
1, 6, 7, 8, 9 and D2, 3, 4, 7, 8, 9. 
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E. Raising pressure. Drainage via the start-up system 
1 The start-up system is put in operation when the steam press-
ure is greater than 20 ato. The start-up system gradually 
takes over the role of the drain valves in controlling the 
drum gradient. 
P, 8B, 2S, 2Q, 2A 
2 Auxiliary steam is changed over from external to boilers' 
own steam when pressure is c. 100 ato. Takes place outside 
the control room. 
U 
3 Start of heavy oil circulation. 
11B, 3A, 2S, 2Q, P, T, viscosity 
F. Raising pressure to safety valve activation and adjusting 
safety valves 
1 Monitor feed water flow rate in order to maintain water level. 
Q, N 
2 Raise pressure by increased firing. Observe drum gradient and 
pressure trend record as well as reheater thermoprobes. 
P, <tT, 3Q, S 
3 Adjust high pressure reduction valve in start-up system in 
order to raise steam pressure and keep drum gradient within 
limits. 
P, S, 2Q, 2T, N, G 
4 Observe safety valve popping and the corresponding steam 
pressure. 
P 
5 Increase steam flow to start-up system. 
P, S, 2Q, 2T, N, G 
6 Observe steam pressure when safety valve closes. 
P 
7 Decrease firing. 
P, tT, 3Q, S 
6 Reduce feed water flow. 
Q 
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G. Pressure reduction before start of turbine 
1 Monitor stean temperature and thermoprobes (below 600°). 
If necessaryt correct firing. 
tlT, 3Q 
2 Reduce pressure using the start-up system without exceeding 
the limit of the negative drum gradient. Monitor that press-
ure ends up at GO ato. 
P, S, 2Q, 2T, N, G 
3 Control water level by blowing down from drum. 
N, 2S 
1 Before start of turbine: Cbserve that steam temperature is 
0-100° higher than turbine metal temperature, as well as a 
minimum superheating of 60°. 
2T, P 
H. Start of turbine (automatic) 
1 Fully open reheater outlet drains. Inlet drains are closed. 
US 
2 Superheater thermoprobes are moved out of furnace. 
2S 
3 Start of more burners (diesel oil). 
FG - (SB, I, M, Q) per burner 
4 Open isolation valves for superheater and reheater spray 
valves. 
U 
5 Observe turbine trip (test). Make necessary adjustments in 
order to maintain pressure and water level. 
P, N, KT, 3Q, 2S 
After synchronization: 
6 Observe turbine inverse power trip (test). Make necessar 
adjustments in order to maintain pressure and water level. 
P, N, HT, 3Q, 2S 
7 Change over from diesel to heavy oil in burners. Observe 
gas temperature and gas analyses data. Range for C0% measure-
ment is changed to 3%. 
FG = (SB, I, rt, Q) per burner, 3P, 2Q, 5T, 20R 
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8 Superheater temperature on auto control. 
T 
9 Stop of s t a r t - u p s y s t e m . 
P, 8B, 2S, 2Q, 2A 
10 Rehea te r thermoprobes a r e moved out o f f u r n a c e . 
2S 
11 Adjust furnace p r e s s u r e . 
P 
Up t o 100 MW: 
12 Drum w a t e r l e v e l on a u t o c o n t r o l 
N 
13 Steam t o s t e a m - h e a t e d a i r p r e h e a t e r s i s changed o v e r a t c . 
80 MW. 
U 
1M Observe chemica l d a t a o f w a t e r . 
18V 
15 Adjust s team t e m p e r a t u r e s and p r e s s u r e t o t h e nominal v a l u e s . 
2P, itT 
